In this paper, we study the maintenance of city parking facilities (CPFs), specifically on modeling and support for decision-making related to planning CPF maintenance. Managing the maintenance of CPFs is complicated because it is a multi-disciplinary problem involving many participants, huge quantities of information, limited budgets, and conflicts of goals and criteria. These facts indicate that the decision-making processes in managing the maintenance of CPFs are ill-defined problems. To help maintenance managers cope with this complexity, we propose an approach that combines analytic hierarchy processing (AHP) and PROMETHEE multicriteria methods, and apply this approach to a priority-setting problem. After assessing the conditions of existing CPFs and the planned states of those CPFs, our approach produced a goal tree and criteria, and defined possible actions for the parking facilities. Representatives of stakeholders provided criteria weights by applying the AHP method. Using PROMETHEE II, we ranked the priorities, and the PROMETHEE V method allowed us to define the implementation phases of maintenance, producing the final maintenance plan. We validated our concept in the city of Split.
INTRODUCTION
Deciding how to maintain and manage the ever-growing urban road infrastructure-including roads, bridges, tunnels, and parking facilities-is a difficult and socially sensitive activity. City authorities must manage maintenance projects for urban road infrastructure in ways that meet the requirements of all stakeholders while allowing for sustainable development. Maintenance becomes even more complex when it must be planned and implemented on a strict schedule, as is often required. In this case, planning is never-ending and dynamic because maintenance cannot be stopped in an active city. Considering that a well-maintained city can be a more active city, a well-maintained infrastructure offers the city's residents a better quality of life. Thus, maintenance planning should be made as efficient as possible by using appropriate decision tools.
There is much research on supporting decisions related to managing the infrastructure of urban roads. For example, Bielli [1] demonstrated a decision support system (DSS) approach to managing urban traffic, aiming to maximize the efficiency and productivity of the traffic system. Other literature has explored cost-benefit evaluations of potential infrastructure investments and several decision support models [2] [3] [4] . For example, Quintero et al. [5] described an improvement to DSS called IDSS (intelligent decision support system), which coordinates the management of urban infrastructures, such as sewage and water. Leclerc et al. [6] provided an IDSS module for managing complaints related to urban infrastructure. Coutinho-Rodrigues et al. [7] provided a spatial decision support system for planning urban infrastructure, integrating a geographic information system (GIS) and the simple additive weighting (SAW) method. In their paper, they noted that their procedure could be used to plan other types of infrastructure, including transport infrastructure.
There are many other studies on urban road infrastructure, including on stationary traffic and its infrastructure, planning, decision making, and maintenance [8] [9] [10] [11] [12] . However, this research has focused only on routine and periodic (resealing and rehabilitation) maintenance, emergency and extraordinary activities such as repairs of sudden, accidental damage and road failure (particularly in parking facilities); infrastructure has not been widely studied.
That said, some authors have studied infrastructure. For example, Rouse and Chiu [13] described an optimal way to manage lifecycles in road maintenance in New Zealand, giving much information on maintaining the important characteristics of road infrastructure elements. Many of these characteristics, important for planning maintenance, are the same or very similar to those for parking facilities, especially for on-street parking. They also provide best practices for optimal maintenance. In another study, Huang et al. [14] developed a lifecycle assessment tool for the construction and maintenance of asphalt pavements.
While making maintenance decisions, one must remember how the maintenance will affect the environment and traffic flow. To address these issues, Huang et al. [15] studied how various types of road maintenance generated emissions and disrupted traffic. Later, we will describe the research that most influenced our approach to the decision support concept (DSC), used to support the maintenance management for city parking facilities (CPFs). Figure 1 shows the structure of our proposed DSC, showing its three decision levels (strategic, tactical, and operative) used for managing urban infrastructure, based on research by Jajac et al. [3, 4, 10, 16] . The three management levels are separated by the scope of the decision-making process, where strategic is the broadest and operative the narrowest. This modular concept is based on the basic structure of the DSS: data, dialog, models. The modules interact during decision-making at all management levels, which serve as meeting points of adequate models and data. The aquatinted knowledge is structured in an adequate knowledge-based system, which is situated in a database, where all decisions and accumulated knowledge is stored. Many outside factors can influence urban infrastructure and its management. In the present work, we will focus on city parking, as it is part of urban road infrastructure. Decision-making and management are affected not only by technology, which influences them at all levels, but also by local behavior, which includes the actual and traditional styles of management and decision-making, the local mentality, and the various groups of stakeholders [3] . Through the present work, we will demonstrate that our proposed DSS provides adequate support for managing city parking projects because they are subsets of urban infrastructure projects. Because we focus only on city parking, we use the logic of the cited DSSs to design a new DSC that is suitable only for managing city parking facilities.
A major inspiration for our work, as stated before, is Jajac et al. [4] , who provided a decision support system for managing the maintenance of urban infrastructure. They aimed to provide a DSS that balanced maintenance investments among different parts of the urban road infrastructure in order to balance the quality of the services provided to the users. In contrast, our research focuses on designing a DSC that provides decision-making support related only to managing the maintenance of one type of urban road infrastructure: city parking. We adapted the DSC to the specifics of managing the maintenance of CPFs, considering both the economic/commercial aspects and the technical aspects of CPFs while accounting for environmental issues, and designed it for people making decisions solely in parking management.
DESIGNING AND USING THE DSC TO MANAGE CPF MAINTENANCE
Using the work cited before, we developed a DSC to support management decisions related to maintaining CPFs. Implementing this DSC depends on the needs of various shareholders and limited resources, most often limited funding in the city budget. These realities show that, generally, decision-making problems related to maintaining CPFs involve priority-setting. The DSC we propose recognizes some of these crucial problems and provides models to support decision-making. Figure 2 proposes an approach to set priorities for maintenance and to establish a maintenance plan by using the DSC.
The decision-making process starts at both the strategic and tactical levels. Here, the spatial boundaries of the research must be selected: all of the city or a section of it. The planning process must be defined as applying to all CPFs or to only the CPFs owned by the city government. It must also be defined as applying only to CPFs managed by the city government, only to CPFs managed by a third party (the concessionaire), or to both. To define the scope of the research, the functional boundaries must also be determined. To support efficient decision-making, the stakeholders must be identified and selected. Stakeholders are divided into three groups: experts in maintaining road infrastructure (particularly parking facilities), local governmental officials connected to managing municipal infrastructure, and representatives of the users. The third group usually consists of elected representatives of districts or similar city formations. 
Figure 2 Architecture of DSC used to manage the maintenance of CPFs
After defining the shareholders, on the tactical level a priority-setting model must be set. Because of the illstructured problem that emerges from incomparable data and conflicts in stakeholders' demands, we use a multicriteria model. Multicriteria priority-setting begins with goal analysis and produces a hierarchical goal structure, a goal tree, and the main goal is sustainable maintenance of CPFs.
Next, the objectives of the goal tree must be defined, dividing the main goal into several supporting or firstlevel objectives. Then, sub-objectives of first-level objectives must be provided. The process of generating subobjectives is repeated until the objectives cannot or does not need to be divided further. Objectives and subobjectives must be defined in a way so they can be measured.
After dividing the objectives into sub-objectives, the goal tree is established. The tree provides an overview of the mutual relationships between objectives within the hierarchy, but does not provide any information about the relative importance of objectives at the same level. It is particularly important to determine the relative importance of objectives situated on the same hierarchical level. Because goal analysis is the basis for defining a criterion, criteria are integral to the goal tree. The process of defining the goal tree and its criteria involves the local government officials and experts, while setting up the criteria weights involves opinions from all stakeholder groups.
Using analytic hierarchy processing (AHP) [17] , it is easy to assign weights to criteria through group decision-making by interviewing all the stakeholder groups. Multicriteria decision-making is supported by several strategies, also known as scenarios. Each preliminary scenario comprises a different combination of criteria weights, representing the opinion of each stakeholder group. Taking several preliminary scenarios, the compromise scenario (final scenario) can be defined, which will be used for ranking priorities. The final scenario is defined as a set of compromise criteria weights, each of which is the average of the preliminary weights for the criterion over all preliminary scenarios.
In parallel with goal analysis, the DSC identifies the parking facilities in the study area and sets up a parking facilities inventory (PFI). The PFI must contain names and locations of the CPFs and data relevant to managing their maintenance. The relevant characteristics must be known for each CPF because these data will be used as criteria for comparing the different CPFs during priority ranking. To assess these characteristics, the CPFs should be comprehensively monitored. The monitoring program must include forms, a schedule, and a CPF inspection process. The form for assessing the maintenance status must represent a summary of all aspects relevant to managing its maintenance. The most common aspects are as follows: status of signs and signals, status of equipment, status of cross-section, and status of structure. Equally important but usually neglected are data on the costeffectiveness and managerial aspects. Inspecting a CPF combines a visual inspection and other measurements. From the CPF inspection, the condition of the CPF can be determined. Each CPF can be inspected and reassessed in a repeating period from six months to one year, depending on how intensely it is used.
In our research, we ranked priorities by using the PROMETHEE II method [18] . In this method, each CPF represents one action of the multicriteria model. To begin the multicriteria priority-setting process, data from monitoring and inspection are inputted into a decision matrix, generating a ranking of CPFs. Then, a maintenance plan is established. The strategic plans and opinions of the decision-makers (local government) must also be introduced, which can be done in PROMETHEE V, a combination of the PROMETHEE II method and (0-1) linear programming.
The result of PROMETHEE V is a subset of the analyzed CPF, and it can be used to plan and perform maintenance in the first investment cycle. All other phases of maintenance implementation can be determined in the same way. This process generates the maintenance plan. We validated our process in the city of Split.
VALIDATING THE PROPOSED DSC
Worldwide, urban expansion and the huge growth in vehicle ownership complicates the maintenance of CPFs, especially in densely populated town centers. The town of Split is no exception. The study area we used to validate our DSC is the wider city center of Split, using only CPFs owned and managed by the city government. Table 1 surveys the area and identifies the CPFs and PFI. During monitoring, the conditions of these CPFs were assessed. Monitoring included inspection of on-street parking, off-street parking, and parking garages; that is, all the parking facilities identified within the research area. For each CPF, monitoring began with an inspection. The inspector entered data into many forms, and then arranged it into a final monitoring form, shown in Table 2 , which was used to estimate the maintenance requirements. The monitoring process should be repeated once a year. Figure 3 and Table 3 describe established goal hierarchy for the analyzed problem. Our main goal was "Sustainable maintenance of CPFs in the city of Split," and achieving this goal depends on a stepwise approach to maintaining the 63 CPFs. All stakeholders were involved in defining the goals in the lower levels (first and second); from this, the objective tree was configured, as shown in Figure 3 .
The main goal and objectives of the first level were defined according to the "Split Development Strategy." This strategy was provided for a time period up to 2015 by the city government and experts, and it was adopted by the city council, the representative body of the city's citizens. The objectives of the second level (later used as criteria) were generated by all members from all three stakeholder groups. After brainstorming, each group provided their objectives. The representatives from all three groups agreed unanimously on which generated objectives would be incorporated in the goal tree. The user group provided the C5 and C6 criteria, the expert group provided C1, C2, C3, and C4, and the local government group provided C7, C8, and C9. Figure 3 , Table 2,  and Table 3 show these criteria. Because the criteria for multicriteria analysis form the objective tree, the last hierarchic level of this particular tree represents the criteria set used to rank the CPFs for maintenance priority. The criteria weights used to compare actions (by using the PROMETHEE II method) were provided by the AHP method, and all stakeholders were involved in this process. Using the established goal hierarchy (goal tree) and the opinions of the stakeholders groups, three preliminary scenarios were developed. Table 4 shows the three preliminary scenarios with three sets of criteria weights. he first scenario describes the preferences of the citizens (users), the second describes those of the experts, and the third describes those of the city authorities (local government). The user group comprises 23 elected representatives, one from each district. The expert group comprises 3 experts in maintaining road infrastructure, particularly parking facilities: two scientists from two Croatian universities, and the manager of the company that maintains the roads in Split. The local government group comprises 3 representatives: the deputy mayor, the head of the department of municipal infrastructure management, and one employee of this department who is engaged in maintaining the road infrastructure of Split.
The criteria weights of the three preliminary scenarios were used to calculate the final (fourth) scenario by a simple arithmetic mean, giving equal importance to all stakeholder groups. This fourth scenario is the compromise view, used to execute the DSC. After creating the final scenario, the multicriteria model for ranking the CPFs was created. It has 9 criteria and 63 actions/alternatives. Table 4 also shows the function used to form each criterion, giving the type of preference function in the seventh column, and whether the variable was to be minimized or maximized in the eighth column. For 8 criteria, the most used type of function is the V-Shape function, while for a single criterion the most used type is the usual function. Table 5 shows the top 10 CPFs, ranked based on the weights from the compromise scenario, according to how necessary it is to maintain each. However, a few top-ranked alternatives were not selected for the first implementation of the maintenance plan. This was caused by a number of influences, including the opinions of the decision-makers (representatives of city government), which were not covered by any criteria, as well as the availability of required resources, especially financial resources, and the needs for CPFs in particular sections of the study area. To account for these additional influences, several constraints must be introduced.
These constraints were defined with input from the experts and city government representatives. These constraints are defined as a set of linear equations, inequalities, or both. Only one constraint within this set is related to the available financial resources for the next investment cycle (750,000 EUR). All other constraints are related to functional and spatial aspects of the problem, and they are defined as follows: First, at least two CPFs are needed in the contact area of Diocletian Palace; second, at least one CPF is needed in the city port area; third, no more than two CPFs are needed in the area of the civil court house; and fourth, no more than two CPFs are needed in the area of the Marjan city park/forest. By introducing constraints using the PROMETHEE V method, the first phase of the maintenance plan can be finalized, as shown in Table 6 . 
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The PROMETHEE V results placed 8 of the 63 CPFs in the first maintenance phase for the next investment cycle. Note that only 5 of these 8 CPFs were ranked in the top 10 ranked CPFs, as shown in Table 5 .
CONCLUSION
Supporting complex and sensitive decision-making processes such as ranking priorities for maintenance of CPFs cannot be achieved without using DSS principles and appropriate multicriteria methods, along with the data they require. To consider such an approach, we studied previous DSSs for infrastructure management, concepts for supporting the management of maintaining urban road infrastructure elements, and project lifecycle methodologies. Our new DSC, used to manage the maintenance of CPFs, is a combination of operational models and multicriteria models.
Our DSC functioned well when applied to CPFs owned and managed by the city government of Split, and it can be used for all other types of road infrastructure. Maintenance decision-making processes can be supported at all hierarchy levels by interactions among the DSC modules. By creating a monitoring program, the data needed to define the maintenance status of the CPFs could be acquired in uniform amounts and on a uniform schedule.
The multicriteria analysis has several methodological and sociopolitical advantages when resolving complex problems such as planning the maintenance of CPFs, regardless of decision level. The stakeholders were divided into three different groups (citizens, maintenance experts, and representatives of city authorities), and they were all directly involved in the decision-making. They were involved in designing the goal hierarchy (generating objectives, sub-objectives, and criteria), by which they shaped the criteria of the alternative CPF assessment. Their opinions are expressed by criteria weights, clarifying the planning and implementation of maintenance while removing mistrust and biased situations.
The obtained solution, expressed as a CPF subset, provided by PROMETHEE V according to defined maintenance criteria and introduced constraints, is a possible strategic alternative in managing the maintenance of the CPFs. It represents the first phase or first step of the CPF maintenance plan, ensuring stepwise achievement of the main goal, "Sustainable maintenance of CPF in the city of Split."
